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Description
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION:
=111 WVENTION

[0001] This invention relates to a process for producing polymer blends from a single reactor, specifically a process
for producing polymer blends of isotactic polyolefins and Syndiotactic polyolefins using a catalyst system which is a
combination of at least one metallocene catalyst and at least one conventional Supported Ziegler-Natta catalyst,

DESCRIPTION OF THE PRIOR ART:

Support material.
[0004] Inys Patent No, 4.701,432 3 Support is treated with at least one metallocene and at least one non-metal-
locene transition metal compound. To form a catalyst system a Cocatalyst comprising an alumoxane and an organo-

allocene with the support.

[0005] An advantage of a homogeneous metallocene catalyst system is the very high activity of the catalyst and the
narrow molecular weight distribution of the polymer produced with a metallocene calalyst system. The metallocene
catalysts sufferfroma disadvantage in that the ratio of alumoxane cocalalyst to metaliocene is high, requiring extensive
treatment of the polymer product to remove the aiuminum. Another disadvantage of the homogenous Catalyst system
is that the polymer product has small particle size and low bulk density. Another disadvantage of the homogeneous
catalyst system is that the reactor fouls during polymerization.

[0006] it would be advantageous to provide a process to produce a polymer blend of isotactic and syndiotactic poly-
olefins using a catalyst system of g combination of a homogeneous catalyst with a heterogeneouys catalyst in g single
reactor.

[0007] A more complete appreciation of the invention and many of the attendant advantages thereof will be readily
understood by relerence to the following detailed description when considered in connection with the accompanying
drawings.

[0010) Figure 3is a graph of Gel Permeation Chromatography results from Example 1.
[o011] Figure 4 is a graph of 13C NMR results from Example 1.

erization.
[0014] These and other objects are accomplished by: a calalyst system for the polymerization of olefins Comprising
a combination of at least one homogeneous syndiospecific metallocene catalys! and at least one heterogeneous con-
ventional supported Ziegler-Natta catalyst for producing isotactic polyolefin,

wherein the metallocene catalyst comprises:
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a) a neutral metallocene compound of the general formula

RM(C5Hq) (C4Ha.mR'nCsCaHy A IMeQ,

4-m 'm

wherein (CgH,) is a cyclopentadienyl ring and (C4Ha.mR'mCsC4H4.,R',) is a flucrenyl ring or a substituted fluorenyl
fing wherein (CgH,) and (C4H,., R',.Cs C4Hy oR') have bilateral or pseudo-bilateral symmetry; R'is a hydrocarby!
radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an alkylamino radical, each R'
may be the same or different; R* is a structural bridge between the (CsH,) and (C4Hg.mR'mCsCyHy o R',) rings to
impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is a Group IlIB, IVB, VB, or VIB metal as
positioned in the Periodic Table of Elements; 0<m<4;0<n < 4; and p is the valence of Me minus 2.

b) an aluminoxane,

wherein the conventional supported Ziegler-Natta catalyst comprises:

a) a transition metal compound of the general formula MR*, where M is a Group IliB, IVB, VB or VIB metal, R* is
a halogen or a hydrocarboxyl and x is the valence of the metal and

b) an aluminum alkyl of the general formula AIR*; where R¥ is an alkyl of from 1-8 carbon atoms and R# may be
the same or different.

[0015] The invention further relates to a method of making a catalyst system comprising

a) making a homogeneous syndiospecific metallocene catalyst by mixing

1) a neutral metaliocene compound of the general formula

R*(CHy)(C 4Hy. R ' CsCaHy R IMeQ, .

4-m' 'm~5

wherein (CgH,) is a cyclopentadieny! ring and (CaHa.mR'mCsCyHy.4R',) is a fluorenyl ring or a substituted
fluorenyl ring wherein (CgHy) and (C4H,.,, R*'nCs C4Hy.qR',) have bilateral or pseudo-bilateral symmetry; R'
is & hydrocarby! radical having from 1-20 carbon aloms, a halogen, an alkoxy, an alkoxy alkyl or an alkylamino
radical, each R' may be the same or different; R* is a structural bridge between the (CgH,) and
(CaHg R’ mCsC4Ry.,R',) rings to impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is a
Group lIB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements;1<m<4;0<n<4;andp
is the valence of Me minus 2.

2) an aluminoxane,

b) extracting solvent to form a solid complex of the metallocene and the aluminoxane,

¢) suspending the solid in mineral oil,
d) making a heterogeneous conventional supported Ziegler-Natta catalyst by separately mixing :

1) a conventional supported Ziegler-Natta catalyst component comprising a transition metal compound
of the general formula MR+, where M is a Group IIIB, IVB, VB or VIB metal, R* is a halogen or a hydro-
carboxyl and x is the valence of the metal and

2) an aluminum alkyl of the general formula AIR?; where R* is an alkyl of from 1-8 carbon atoms and R*
may be the same or different,

e) mixing the metallocene catalyst in mineral oil and the conventional supported Ziegler-Natta catalyst.

[0016] According to a further embodiment the invention relates to a process of producing a polymer blend in a single
reactor comprising:

a) making a homogeneous syndiospecific metallocene catalyst by

1) selecting a neutral metallocene compound of the general formula
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R"(C_:,H‘,)(C“HA_m 'mcﬁc‘,HMH‘H)MeOp
wherein (CgH,) is a cyclopentadienyl ring and (CaHa.mPR' mCsHa.nRY,) is @ fluorenyl ring or a substituted fluorenyl
ring wherein (CgH,) and (C4Hgem R’ Cs C4R4.4R',) have bilateral or pseudo-bilateral symmetry; R'is a hydro-
carbyl radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alky! or an alkylamino radical,
each R’ may be the same or different; R* is a structural bridge between the (CgH,) and (C4H4 R’ mCsCqH, R
rings to impan stereorigidity, Q is a hydrocarbon radical or is a halogen; Me is a Group IiIB, IVB, VB, orviB
metal as positioned in the Periodic Table of Elements; 1 <m<4;,0<n<4; and p is the valence of Me minus 2.
2) adding an aluminoxane to form a syndiospecific metallocens catalyst,

3) extracting solvent to form a solid complex of the metallocene and the aluminoxane,
4) suspending the solid in mineral oil,

b) making a heterogeneous conventional supported Ziegler-Natta catalyst by

1) selecting a transition metal compound of the general formula MR*, where Mis a Group IIB, IVB, VB or VIB
metal, R* is a halogen or a hydrocarboxyl and x is the valence of the metat and

2) adding an aluminum alkyl of the general formula AIR*3 where R* is an alkyl of from 1-8 carbon atoms and
R* may be the same or different to form a conventional supported Ziegler-Natta catalyst

¢) mixing the metatlocene catalyst in mineral oil and the conventional supported Ziegler-Natta catalyst,

d) introducing the mixture of the metallocene catalyst in mineral oil and the conventional supported Ziegler-Natla
catalyst into a polymerization reaction zone containing a monomer under polymerization conditions, and

e) withdrawing a polymer product, which is a blend of syndiotactic and isotactic polyolefins.

DETAILED DESCRIPTION OF THE INVENTION

[0017) The present invention utilizes a multi-catalyst system in the polymerization of any polymer in which separate
polymerizations with a homogeneous catalyst and with a heterogeneous catalyst are possible. The multicatalyst sys-
lem is useful in the polymerization of olefins, more preferably, a-olefins, and, most preferably, propylene. A Ziegler-
Natta catalyst system is disclosed in US-A-5 254 517

[0018) The multi-catalyst system of the present invention is obtained by mixing the components of at least one met-
allocene catalyst and at least one conventional supported Ziegler-Natta catalyst. Generally, the components of a met-
allocene catalyst are a metallocene compound and an ionizing agent. Generally, the components of a conventional
supported Ziegler-Natta catalyst are an aluminum alkyl and a transition metal compound with, optionally, an electron
donor.

[0019] Any of the conventional heterogeneous Ziegler-Natta transition metal compound catalyst components for
producing isotactic polyolefins can be used in the present invention. The compound is of the general formula MR+,
where M is the metal, R+ is a halogen or a hydrocarboxyl and x is the valence of the metal. Preferably, M is a Group
VB, VB or VIB metal, more preferably a Group VB, and most preterably titanium. Preferably, R+ is chlorine, bromine,
an alkoxy or a phenoxy, more preferably chlorine or ethoxy and most preferably, chlorine. lllustrative examples of the
transition metal compound catalyst components are TiCly, TiBr,, Ti(OC4H5)4CI, Ti(OCoHs)Cl,, Ti(OC4Hg)sClI, Ti
(OC3H7)oCly, TH{OCEH, 5),Cl,, Ti(OC,H;5),Br, and Ti(OC,3H,5)Cl,. Mixtures of the transition metal compounds may be
used. No reslriction on the number of transition metal compounds is made as long as at least one transition metal
compound is present.

[0020] The transition metal compound is supported on an inert solid which is chemically unreactive with any of the
components of the heterogeneous or homogeneous catalyst. The support is preferably a magnesium compound. Ex-
amples of the magnesium compounds which are to be used to provide a support source for the catalyst component
are magnesium halides, dialkoxymagnesiums, alkyoxymagnesium halides, magnesium oxyhalides, diatkylmagnesi-
ums, magnesium oxide, magnesium hydroxide, and carboxylates of magnesium.

[0021] The aluminum alkyl is of the general formula AlR*, where R* is an alkyl of from 1-8 carbon atoms and R* may
be the same or different. Examples of aluminum alkyls are trimethy! aluminum (TMA), triethy! aluminum (TEAl) and
triisobutyl aluminum (TiBAI). The preferred aluminum alky! is TEA.

[0022] The electron donoris any one of the electron donors which are effective with conventional supported Ziegler-
Nalta catalysts. Typically, an electron donor is an organosilicon compound. Examples of electron donors are cyclohex-
ylmethyldimethyoxysilane (CMDS), diphenyldimethoxy silane (DPMS) and isobutyitrimethoxy silane (IBMS). Other ex-
amples of electron donors are disclosed in U.S. Patent Nos. 4,218,339; 4,395,360; 4,328,122; 4,473,660; 4,562,173
and 4,547,552
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[0023] The metallocene catalyst is formed from a neutral metallocene compound, i.e., a metal derivative of a cy-
clopentadiene. The metallocene compound useful in the present invention contains two cyclopentadiene rings and is
of the general formula:

R"(CgHg)(CqHa R mCsCaHa R IMeQ,

wherein (CgH,) is a cyclopentadieny! ring and (C4H, R',CsC4H,4..R',) is a fluorenyl ring or a substituted fluorenyl
ring, the substituent preferably being alky!, alkoxy, dialkylamino, halogens, cycloalkyl or aryl; R' is a hydrocarbyl radical,
halogen, an alkoxy, an alkoxy alkyl or an alkylamino radical having from 1-20 carbon atoms, each R' may be the same
or different; R" is a structural bridge between the (CgHy) and (C4Hy.,R'mCsCaHa.R',) rings to impart stereorigidity
and, preferably, is an alkylene radical having 1-4 carbon atoms, or arylalkyl or diary| alkyl radical contains 7-20 atoms,
a silicon hydrocarbyl compound, a germanium hydrocarby! compound, an alkyl phosphine, or an alkyl amine; Q is a
hydrocarbon radical, such as an alkyl, aryl, alkenyl, alkylaryl or arylalkyl radical having 1-20 carbon atoms, or is a
halogen; Me is a Group |IIB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements; 0 S m<4;0<n <
4; and p is the valence of Me minus 2.

[0024] The cyclopentadienyl rings (CsH,) and (C4Hy. R CsC4H4.0R'y) must have bilateral or pseudo-bilateral sym-
metry. Bilateral symmetry is defined as the condition in which there is no substituents or one or more substituents on
one side and no substituents or one or more substituents on the other side in the same relative position such that a
mirror image is formed from one side to another. Pseudobilateral symmelry is defined as symmetry such that a mirror
image exists from one side 1o the other in regard 1o the existence and position of substituents but the substituents
themselves are not identical.

[0025] The metallocene catalystis syndiotactic specific or syndiospecific. Such catalyst are described in U.S. Patents
Nos. 4,895,851, 5,162,278; 5,155,080; 5,132,381 and European Patent Application Publication Nos. 0 387 609; 0 387
690; 0387 691; and PCT International Publication No. WO 92/1218.

[0026] The ionizing agent is an alumoxane, an aluminum alkyl, other Lewis acid or a combination thereof which will
ionize a neutral metallocene compound to form a cationic metallocene catalyst. An examples of an ionizing agents
useful in the present invention is methyl alumoxane (MAO).

[0027] The metallocene catalyst is provided in solid form as a complex of the metaliocene catalyst component and
MAO.

[0028] Olefins, especially propylene, may be polymerized to form polyolefins in amorphous (atactic) or crystalline
forms. Examples of crystalline forms are isotactic and syndiotactic.

[0029] Isotactic pglypropylene contains principally repeating units with identical configurations and only a few erratic,
brief inversions in the chain. Isotactic polypropylene may be structurally represented as

The methy! groups attached to the tertiary carbon atoms of successive monomeric units on the same side of a hypo-
thetical plane through the main chain of the polymer, e.g., the methyl groups are all above or below the plane.

[0030] Another way of describing the structure is through the use of NMR. Bovey's NMR nomenclature for an isotactic
pentadis ...mmmm... with each "m" representing a "meso* dyad or successive methyl groups on the same side in the
plane. As known in the art, any deviation or inversion in the structure of the chain lowers the degree of isotacticity and
crystallinity of the polymer.

[0031] A syndiotactic polymer contains principally units of exactly alternating stereoisomers and is represented by
the structure:

The methyl groups atlached to the tertiary carbon atoms of successive monomeric units in the chain lie on alternate
sides of the plane of the polymer.
[0032] in NMR nomenclature, this pentad is described as ....rrrr..... in which each "r* represents a *racemic” dyad, i.
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e., successive methyl groups on alternate side of the plane. The percentage of r dyads in the chain determines the
degree of syndiotacticily of the polymer. Syndiotactic polymers are crystalline and like the isotactic polymers are in-
soluble in xylene. This crystallinity distinguishes both syndiotactic and isotactic polymers from atactic polymer that is
soluble in xylene.

[0033) A polymer chain showing no regular order of repeating unit configurations is an atactic potymer. In commercial
applications, a certain percentage of atactic polymer is typically produced with the isotactic form.

[0034] The invention having been generally described, the following examples are given as particular embodiments
of the invention and to demonstrate the practice and advantages thereof. Itis understood that the examples are given
by way of illustration and are not intended to limit the specification or the claims 1o follow in any manner.

Solid Metallocene Catalyst Preparation:

[0035] Methyl aluminoxane supplied as a 10% solution in toluene (density 0.89) was used as the cocatalyst. 40mg
of isopropy! (fluorenyl-cyclopentadienyl)zirconium dichloride, was dissolved in 20.0 mi of MAO solution; the solution
was stirred and the solvent was removed under high vacuum at room temperature and traces of the remaining solvent
were removed with slight warming. The flask was taken into a vacuum Atmospheres dry box; the solid was removed
and pulverized to obtain 1.3g purple solid. A known amount of the solid was weighed out and suspended in 2-4 m! of
mineral oil (Amoco-10NF), in a Wheaton bottle; shaken thoroughly and injected into a stainless steel sample transfer
cylinder as described in the example. Generally, a small amount (estimated to be about 10%) of the solid remained
adhered to the glass wall and could not be transferred. It is also likely that small amount of solid remains adhered to
the walls of sample transfer cylinder during injection.

EXAMPLE 1

[0036] 10.0 mg of conventional supported Ziegler-Natta catalyst were placed in a stainless stes! bomb with 0.2 mmol
of cyclohexylmethyldimethoxysilane (CMDS) and 2.0 mmol of triethylaluminum (TEA!). 184 mg of isopropyl(fluorenyl)
(cyclopentadienyl)zirconium dichloride/MAO solid were suspended in 4 milliliters of mineral oil. The metallocene/MAO-
mineral oil suspension was placed in the bomb. Hydrogen was introduced followed by 1.0 liter of propylene into a 2
liter Zipperciave reactor kept at 60°C. Contents of the bomb were prepolymerized with 0.3 liter of propylene and ap-
proximately 16 mmol of hydrogen for 5 seconds at 23°C and then charged into the reactor. The reactor temperature
was maintained at 60°C. Polymerization continued for one hour during which time the reactor was maintained at the
polymerization temperature. At the end of this time polymerization was terminated by rapidly venting the reactor of
unreacted monomer. The polymer yield and analysis is shown in Table 1.

EXAMPLE 2 (comparative)

[0037]) The procedure of Example 1 was followed except that only the metallocene/MAO of solid (184.0 mi) and TEAI
(2.0 mmol) were used in the bomb and hydrogen was omitted. The reactor temperature was initially 20°C and was
increased to 60°C after the contents of the bomb were charged to the reactor with 0.3 liter of propylene. The polymer
yield and analysis is shown in Table I.

EXAMPLE 3 {comparative)

[0038] The procedure of Example 1 was followed except that the conventional Ziegler-Natta catalyst was not added
and the other contents were used in identical quantities.
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[0039] The standard polymer characterization techniques, namely DSC (Differential Scanning Calorimetry), GPC
(Gel Permeation Chromatography) and carbon 13 nuclear magnetic resonance (*3C NMR) spectroscopy, strongly sug-
gest that the polymer obtained with the mixed catalyst is indeed a blend of syndiotactic and isotactic polypropylene.
For example, DSC shows (Figure 1) the presence of two small peaks at approximately 125°C and 135°C corresponding
to the melting peaks of syndiotactic polymer obtained with the metallocene and MAO solid. It is also obvious from DSC
that isotactic polypropylene is the major component of the blend. GPC teaches that the molecular weight distribution
of the polymer is much broader than those obtained when the conventional Ziegler-Natta or metallocene and alumoxane
systems separately under the same conditions. Thus for example, the polydispersity of isotactic polypropylene (iPP)
obtained with the conventional Ziegler-Natta catalyst used in the present system is approximately 8.0, whereas that
of the syndiotactic polypropylene (sPP) obtained with solid MAO and metallocene catalyst used is around 3.0 (Figure
2). However, the polydispersity of the iPP/sPP blend obtained with the mixed catalyst system is 13 (Figure 3). 13 C
NMR (Figure 4) of the polymer provides the most conclusive evidence for the presence of two types of stereoregular
polypropylene in the product blend. The mmmm:rrr ratio for the polymer blend product was 77:13 which suggest pres-
ence of substantial amounts (>10%) of syndiotactic PP in the predominantly isotactic polymer sample. Generally the
isotactic polypropylene polymer obtained with the conventiona! Ziegler-Natta catalyst contains only traces (<0.5%) of
syndiotactic component,

Claims

1. A catalyst system for the polymerization of olefins comprising a combination of at least one homogeneous syn-
diospecific metallocene catalyst and at least one heterogeneous conventional supported Ziegler-Natta catalyst for
producing isotactic polyolefin,

wherein the metallocene catalyst comprises:

a) a neutral metaliocene compound of the general 1drmuta
R"(CsH4)(C4H4_mH'mC504H4_nR'n)Mer

wherein (CgH,) is a cyclopentadienyl ring and (C4Ha.mR'mCsCsHy.,R',) is a fluorenyl ring or a substituted
fluorenyl ring wherein (CgH,) and (Cy4Hy.,, R',,Cs C4H,.,R',) have bilateral or pseudo-bilateral symmetry; R'
is a hydrocarby! radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an alkylamino
radical, each R' may be the same or different: R" is a structural bridge between the (CgH,) and
(CaHa.mR'mC5sCaHa4.aR'y) rings to impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is a
Group 11IB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements;0sm<4;0<n<4;andp
is the valence of Me minus 2,

b) an aluminoxane,

wherein the conventional supported Ziegler-Natta catalyst comprises:
a) a transition metal compound of the general formula MR+, where M is a Group 11IB, IVB, VB or VIB metal,
R+ is a halogen or a hydrocarboxyl and x is the valence of the metal and
b) an aluminum alkyl of the general formula AIR¥,; where R* is an alkyl of from 1-8 carbon atoms and R¥ may
be the same or different.

2. Acatalyst system as recited in Claim 1 whereinbis 1, R"is a hydrocarbyl radical chosen from the group consisting
of an alkylene radical having one to four carbon atoms, a dialkyl germanium, a dialky! silicon, an alkyl phosphine
and an amine radical, M is a Group IVB metal, R' is a halogen or alkyl.

3. Acatalyst system as recited in Claim 1 wherein R" is a isopropylene radical.

4. A catalyst system as recited in Claim 1 wherein the aluminoxane is methyl alumoxane.

5. Acatalyst system as recited in Claim 1 wherein is a Group IVB, R+ is chlorine, bromine, an alkoxy or a phenoxy.

6. A catalyst system as recited in Claim 1 wherein M is titanium and R* is chlorine or ethoxy.



EP 0747 403 B1

7. Acatalyst systemas recited in Claim 1 wherein the transition metal compound is chosen from the group consisting
of TiCly, TiBry, Ti{(OC4Hg)aCl, Ti(OC,Hs)Cl, Ti(OC4Hg)3Cl, TH{OC3H;)oCly, T{OCgH, 3)oCla, Ti(OC,Hg),Br, and
Ti(OC,Ho5)Cl5.

5 8. Acatalyst systemas recited in Claim 1 wherein the aluminum alkylis chosen from the group consisting of trimethyl
aluminum, triethyl aluminum and triisobuty! aluminum. :

9. Acaltalyst system as recited in Claim 1 further comprising an electron donor organosilicon compound.

10 10. Acatalyst system as recited in Claim 9 wherein the electron donor is chosen from the group consisting of cyclohex-
ylmethyl dimethyoxysilane, diphenyldimethoxysilane and isobultyltrimethoxy silane.

11. A method of making a catalyst system comprising
15 a) making a homogeneous syndiospecific metallocene catalyst by mixing

1) a neutral metallocene compound of the general formula

20 RY(CgH )C Hy R ', C5CyH, R IMeQ,

wherein (CgH,) is a cyclopentadieny! ring and (C4Ha.mP'mCsCqHy.oR') is a fluorenyl ring or a substituted
ftuorenyl ring wherein (CgH,) and (C4Hg. R'mCs C4Hq.oR',) have bilateral or pseudo-bilateral symmetry;
R'is a hydrocarbyl radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an
25 alkylamino radical, each R' may be the same or different; R* is a structural bridge between the (CgH,) and
(C4Ha.mR'mCsC4H,.,R',) rings to impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is
a Group IIB, 1VB, VB, or VIB metal as positioned in the Periodic Table of Elements; 1<m<4;0<n<4;
and p is the valence of Me minus 2. )
2) an aluminoxane,

30
b) extracting solvent to form a solid complex of the metallocene and the aluminoxane,
¢) suspending the solid in mineral oil,
d) making a heterogeneous conventional supported Ziegler-Natta catalyst by separately mixing :

35 1) a conventional supported Ziegler-Natta catalyst component comprising a transition metal compound
of the general formula MR-+, where M is a Group 11IB, IVB, VB or VIB metal, R* is a halogen or a hydro-
carboxyl and x is the valence of the metal and )

2) an aluminum alky! of the general formuia AIR*; where R* is an alkyl of from 1-8 carbon atoms and R#
may be the same or different,

40

e) mixing the metallocene catalyst in mineral oil and the conventional supported Ziegler-Natta catalyst.
12. A process of producing a polymer blend in a single reactor comprising:

45 a) making a homogeneous syndiospecific metallocene catalyst by
1) selecting a neutral metallocene compound of the general formula

50 R'(CsHa)(C4H4-mR'mCsC4Ha-nH'n)Mer

wherein (CgH,) is a cyclopentadienyl ring and (C4Ha.mP'mCsC4Hq.,R',) is a fluorenyl ring or a substituted
fluorenyl ring wherein (CsH,) and (C4H,. R’ Cs C4H,4.nR'y) have bilateral or pseudo-bitateral symmetry;
R’ is a hydrocarbyl radical having from 1-20 carbon atoms, a halogen, an alkoxy, an alkoxy alkyl or an

55 alkylamino radical, each R' may be the same or different; R" is a structural bridge between the (CsH,) and
(C4Hg.mR'CsCqHa.nR',) rings to impart stereorigidity; Q is a hydrocarbon radical or is a halogen; Me is
a Group I1IB, IVB, VB, or VIB metal as positioned in the Periodic Table of Elements; 1<m<4;0<n<4;
and p is the valence of Me minus 2.
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2) adding an aluminoxane to form a syndiospecific metallocene catalyst,
3) extracting solvent to form a solid complex of the metallocene and the aluminoxane,
4) suspending the solid in mineral oil,

b) making a heterogeneous conventional supported Ziegler-Natta catalyst by

1) selecting a transition metal compound of the general formula MR+, where M is a Group IliB, IVB, VB
or VIB metal, R* is a halogen or a hydrocarboxyl and x is the valence of the metal and

2) adding an aluminum alkyl of the general formula AIR?; where R¥ is an alkyl of from 1-8 carbon atoms
and R* may be the same or different to form a conventional supported Ziegler-Natta catalyst

¢) mixing the metallocene catalyst in minera! oil and the conventional supported Ziegler-Natta catalyst,

d) introducing the mixture of the metallocene catalyst in mineral oil and the conventional supported Ziegler-
Natta catalyst into a polymerization reaction zone containing a monomer under polymerization conditions, and
) withdrawing a polymer product, which is a blend of syndiolactic and isotactic polyolefins.

Patentanspriche

1.

Katalysatorsystem fir die Polymerisation von Olefinen, umfassend eine Kombination von mindestens einem ho-
mogenen syndiospezifischen Metallocenkatalysator und mindestens einem heterogenen konventionellen unter-
stitzten Ziegler-Natta Katalysator zum Herstelien von isolaktischem Polyolefin, wobei der Metallocenkatalysator
umfaBt:

a) eine neutrale Metallocenverbindung der aligemeinen Formel
Fi"(C_,,H‘,)(CdH,,_mH'mCSC“H‘,."H',‘)MeQID

wobei (CgHy) ein Cyclopentadienylring ist, und (C4Hy. R’ CsCaHa.n R'y) ist ein Fluoreriylring oder ein substi-
tuierter Fluorenylring, wobei (CgH,) und (C4H,. R’ CsC4Ha.0R',) bilaterale oder pseudobilaterale Symmetrie
aufweisen; R' ist ein Hydrocarbylrest mit 1-20 Kohlenstoffatomen, ein Halogen-, ein Alkoxy-, ein Alkoxyalkyl-
oder ein Alkylaminorest, jedes R' kann gleich oder unterschiedlich sein; R" ist eine Strukturbriicke zwischen
den (CgHy) und (C4Hg.mR'yCsCsHy.nR'n) Ringen zum Verleihen von Stereorigiditat; Q ist ein Kohlenwasser-
stoffrest oder ist ein Halogen; Me ist ein Gruppen 11IB, IVB, VB oder VIB Metall, wie in dem Periodensystem
der Elemente angeordnet; 0 < m < 4; 0 <n < 4; und p ist die Wertigkeit von Me minus 2.

b) ein Aluminoxan,

wobei der konventionelle unterstutzte Ziegler-Natta-Katalysator umfaft:
a) eine Ubergangsmetallverbindung der allgemeinen Formel MR*,, wobei M ein Gruppen II1B, IVB, VB oder
VIB Metall ist, R* ein Halogen oder ein Hydrocarboxyl ist, und x die Werligkeit des Metalls ist, und
b) ein Aluminiumalky! der allgemeinen Formel AIR#,, wobei R* ein Alkyl mit 1-8 Kohlenstofiatomen ist, und
R* kann gleich oder unterschiedlich sein.
Katalysatorsystem nach Anspruch 1, wobei b 1 ist, R" ist ein Hydrocarbylrest ausgewahlt aus der Gruppe beste-
hend aus einem Alkylenrest mit ein bis vier Kohlenstotfatomen, einem Dialkylgermanium, einem Dialkylsilicium,
einem Alkylphospin und einem Aminrest, M ist ein Gruppen IVB Metall, R' ist ein Halogen oder Alkyl.
Katalysatorsystem nach Anspruch 1, wobei R" ein Isopropylenrest ist.
Katalysatorsystem nach Anspruch 1, wobei das Aluminoxan Methylalumoxan ist.
Katalysatorsystem nach Anspruch 1, wobeiM eine Gruppe IVBist, R* ist Chlor, Brom, ein Alkoxy oder ein Phenoxy.

Katalysatorsystem nach Anspruch 1, wobei M Titan ist, und R ist Chlor oder Ethoxy.

Katalysatorsystem nach Anspruch 1, wobei die Ubergangsmelallverbindung ausgewahlt ist aus der Gruppe be-
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stehend aus TiCl,, TiBrs, THOC,Hg)sCl, Ti(OCHg)Cly Ti(OCHg)sCl, THOC3H7),Cla Ti(OCgH,3),Cla,
Ti(OC,Hg)oBry und Ti(OC, 5Hps)Cla.

8. Katalysatorsystem nach Anspruch 1, wobei das Aluminiumalkyi ausgewahlt ist aus der Gruppe bestehend aus
Trimethylaluminium, Triethylaluminium und Triisobutylaluminium.

9. Katalysatorsystem nach Anspruch 1, ferner umfassend eine Elektronendonororganosiliciumverbindung.

10. Katalysatorsystem nach Anspruch 9, wobei der Elekironendonor ausgewahlt ist aus der Gruppe bestehend aus
Cyclohexylmethyldimethoxysilan, Diphenyldimethoxysilan und Isobutyltrimethoxysilan.

11. Verfahren zum Herstellen eines Katalysatorsystems, umfassend
a) Herstellen eines homogenen syndiospezitischen Metaliocenkatalysators durch Mischen

1) einer neutralen Metallocenverbindung der aligemeinen Formel
R*(CgHy) (C4Hy.mPR'mCsCoHy R MeQ,

wobei (CgH,) ein Cyclopentadienylring ist, und (C4Ha-mR'mCsCqHa. R',) ist ein Fluorenylring oder ein
substituierter Fluorenylring, wobei (CsHy) und (C4Hg o R'nCsCsHa aR,) bilaterale oder pseudobilaterale
Symmetrie aufweisen; R'ist ein Hydrocarbylrest mit 1 bis 20 Kohlenstoffatomen, ein Halogen-, ein Alkoxy-,
ein Alkoxyalkyl- oder ein Alkylaminorest, jedes R' kann gleich oder unterschiedlich sein; R" ist eine Struk-
turbricke zwischen den (CgHy) und (C4H, R’ C5C4H,.,R',) Ringen zum Verleihen von Stereorigiditét;
Q ist ein Kohlenwasserstoffrest oder ist ein Halogen; Me ist ein Gruppen IIiB, IVB, VB oder VIB Metall,
wie in dem Periodensystem der Elemente angeordnel; 1 <m < 4; 0 < n < 4; und p ist die Wertigkeit von
Me minus 2.

2) eines Aluminoxans,

b) Extrahieren von Ldsungsmitel unter Bilden eines Feststoffkomplexes des Metallocens und des Alu-
minoxans,

¢) Suspendieren des Feststoffes in Mineraldl,

d) Herstellen eines heterogenen konventionellen unterstitzten Ziegler-Natta Katalysators durch getrenntes
Mischen:

1) einer konventionellen unterstitzten Ziegler-Natta Katalysatorkomponente, umfassend eine Ubergangs-
metallverbindung der allgemeinen Formel MR*,, wobei M ein Gruppen 1B, 1VB, VB oder VIB Melall ist,
R+ ist ein Halogen oder ein Hydrocarboxyl, und x ist die Wertigkeit des Metalis, und

2) eines Aluminiumalkyls der allgemeinen Formel AIR*,, wobei R# ein Alky! mit 1 bis 8 Kohlenstoffatomen
ist, und R* ist ein Alkyl mit 1 bis 8 Kohlenstoffatomen, und R* kann gleich oder unterschiediich sein,

e) Mischen des Metallocenkatalysators in Mineraldl und des konventionellen unterstitzten Ziegler-Natta-Ka-
talysators.

12. Vertahren zum Herstellen einer Polymermischung in einem einzelnen Reaktor, umfassend:
a) Herstellen eines homogenen syndiospezifischen Metallocenkatalysators durch

1) Auswahlen einer neutralen Metallocenverbindng der allgemeinen Formel

RY(CsHa)CqHy R ' CsCyMy oA’ MeQ,

4m' 'm

wobei {CgHj,) ein Cyclopentadienylring ist, und (C4Hy. R «CsC4qHa.q A',) ist ein Fluorenylring oder ein
substituierter Fluorenylring, wobei (CgH,) und (C4Hy R »CsCaHa.oR') bilaterale oder pseudo-bilaterale
Symmetrie haben; R' ist ein Hydrocarbylrest mit 1-20 Kohlenstoffatomen, ein Halogen-, ein Alkoxy-, ein
Alkoxyalkyl- oder ein Alkylaminorest, jedes R' kann gleich oder unterschiedlich sein; R" ist eine Struktur-

1"
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bricke zwischen den (CgH,) und (C4Hy. R CsCaty.nR'n) Ringen zum Verleihen von Stereorigiditat; Q
ist ein Kohlenwasserstoffrest oder ist ein Halogen; Me ist ein Gruppen HiB, IVB, VB oder VIB Metali, wie
in dem Periodensystem der Elemente angeordnet; 1 Sm<4; 0<n < 4: und p ist die Wertigkeit von Me
minus 2,

5 2) Hinzufigen eines Aluminoxans unter Bilden eines syndiospezifischen Metallocenkatalysators,
3) Extrahieren von Lésungsmittel unter Bilden eines Feststoffkomplexes des Metallocens und des Alu-
minoxans,
4) Suspendieren des Feststoffes in Mineraldl,

10 b) Herstellen eines heterogenen konventionellen unterstitzten Ziegler-Natta Katalysators durch

1) Auswahlen einer Ubergangsmelallverbindung der allgemeinen Formel MR*,, wobei M ein Gruppen
IIB, IVB, VB oder VIB Metall ist, R* ist ein Halogen oder ein Hydrocarboxyl, und x ist die Wertigkeit des
Metalls und

15 2) Hinzutugen eines Aluminiumalkyls der allgemeinen Formel AIR¥,, wobei R¥ ein Alkyl mit 1-8 Kohlen-
stoffatomen ist, und R* kann gleich oder unterschiedlich sein, wobei ein konventioneller unterstitzier
Ziegler-Natta-Katalysator gebildet wird,

c) Mischen des Metallocenkatalysators in Mineraldl und des konventionellen unterstitzten Ziegler-Natta-Ka-
20 talysators,
d) Einfiihren der Mischung des Metallocenkatalysators in Mineralél und des konventionellen unterstitzen Zieg-
ler-Natta-Katalysators in eine Polymerisationsreaktionszone, enthaltend ein Monomer, unter Polymerisations-
bedingungen, und .
e) Abziehen eines Polymerprodukts, welches eine Mischung aus syndiotaktischen und isotaklischen Polyole-
25 finen ist.

Revendications

30 1. Systéme de catalyseurs pour la polymérisation d'oléfines, comprenant une combinaison d'au moins un catalyseur
homogeéne syndiospécifique & base de métallocene et d'au moins un catalyseur hétérogéne conventionnel de type
Ziegler-Natta déposé sur un support pour obtenir une polyoléfine isotactique,

dans lequel le catalyseur & base de métallocéne comprend:

35 a) un composé de metallocéne neutre répondant a la formule générale
H'(CSH4)(C4H4_mR'mCSC4H4_nR‘n)Mer

40 dans laquelle le groupe (CsH,) représente un noyau cyclopentadiényle et le groupe (CaHg.mR'CsCyHy.R')
représente un noyau fluorényle ou un noyau fluorényle substitué, dans laqueile le groupe (CgH,) et le groupe
(C4Hg.mR'mCsCqHa.qR'y) possedent une symétrie bilatérale ou pseudobilatérale; R' représente un radical hy-
drocarbyle contenant de 1 & 20 atomes de carbone, un atome d'halogéne, un radical alcoxy, un radical al-
coxyalkyle ou un radical alkylamino, chaque radical R' pouvant étre identique ou différent; R* représente un

45 pont de structure entre le noyau (CsH,) et le noyau (C4Ha.mP'mCsCyHy oR',) pour contérer une stéréorigidits;
Qreprésente un radical d'hydrocarbure ou représente un atome d'halogéne; Me représente un métal du groupe
1B, di groupe IVB, du groupe VB ou du groupe VIB tels qu'ils sont disposés dans le tableau périodique des
éléments; 0 <m < 4; 0<n < 4; et p représente la valence de Me moins 2,

b) un aluminoxane;
50
dans lequel le catalyseur conventionnel de type Ziegler-Natta deposé sur un support comprend:

a) un composé de métal transitoire répondant & la formule générale MR*, ol M représente un métal du groupe

1B, IVB, VB ou VIB, R+ représente un atome d'halogéne ou un radical hydrocarbyle et x représente la valence
55 du métal, et

b) un alkylaluminium répondant & la formule générale AIR*, ol R* représente un radical alkyle contenant de

1 &8 atomes de carbone et R* peut représenter un radical identique ou différent.
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Systéme de catalyseurs selon la revendication 1, dans lequel b représente 1, R" représente un radical hydrocarbyle
choisi parmi le groupe constitué par un radical alkyléne contenant de 1 & 4 atomes de carbone, par un radical de
dialkylgermanium, par un radical de dialkylsilicium, par un radical d'alkylphosphine et par un radical d'amine, M
représente un métal du groupe 1VB, R’ représente un atome d'halogéne ou un groupe alkyle.

Systéme de catalyseurs selon la revendication 1, dans lequel R* représente un radical isopropyléne.
Systéme de catalyseurs selon la revendication 1, dans lequel I'aluminoxane représente le méthylalumoxane.

Systéme de catalyseurs selon la revendication 1, dans lequel M représente un métal du groupe IVB, R* représente
un atome de chlore, un atome de brome, un groupe alcoxy ou un groupe phénoxy.

Systéme de catalyseurs selon la revendication 1, dans lequel M représente le titane et R* représente un atome
de chlore ou un groupe éthoxy.

Systéme de catalyseurs selon la revendication 1, dans lequel le composé de métal transitoire est choisi parmi le
groupe constitué par TiCly, TiBr,, Ti(OC,Hg)5Cl, Ti{OC,Hg)Cl,, Ti(OC,4Hg)sCl, Ti(OC4HZ)oCly, Ti(OCgH,3),Cly,
Ti(OC,Hg)oBra et THOC5H,5)Clg.

Systéme de catalyseurs selon la revendication 1, dans lequel le radical d'alkylaluminium est choisi parmi le groupe
constitué par le triméthylaluminium, e triéthylaluminium et le triisobutylaluminium.

Systéme de catalyseurs selon la revendication 1, comprenant en outre un composé d'organosilicium cédant des
électrons.

Systéme de catalyseurs selon la revendication 9, dans lequel le donneur d'électrons est choisi parmi le groupe
constitué par le cyclohexylméthyldiméthoxysilane, le diphényldiméthoxysilane et l'sobutyltriméthoxysitane.

Procédé de préparation d'un systéme de catalyseurs, comprenant le fait de:
a) préparer un catalyseur homogéne syndiospécifique a base de métallocéne en mélangeant

1) un composé de métallocéne neutre répondant a la formule générale

RYCgH,)NCyH, R’ CsCy H4_nR'n)Mer
dans laquelle le groupe (CgH,) représente un noyau cyclopentadiényle et le groupe
(C4Ha.mR'mCsCaqH4.oR'n) représente un noyau fluorényle ou un noyau fluorényle substitué, dans laquelle
le groupe (CgHy) et le groupe (C4Hs.mP' mCsCaHg.nR'n) possédent une symétrie bilatérale ou pseudobi-
latérale; R représente un radical hydrocarbyle contenant de 1 a 20 atomes de carbone, un atome d'halogé-
ne, un radical alcoxy, un radical alcoxyalkyle ou un radical alkylamino, chaque radical R' pouvant étre
identique ou différent; R" représente un pont de structure entre le noyau (CgH,) et le noyau
(C4Ha-mP'mC5C4H4.nR'n) pour conlérer une stéréorigidité; Q représente un radical d'hydrocarbure ou re-
présente un atome d'halogéne; Me représente un métal du groupe IIB, du groupe VB, du groupe VB ou
du groupe VIB tels qu'ils sont disposés dans le tableau périodique des éléments; 1<m <4;,0<n <4, et
p représente la valence de Me moins 2,

2) un aluminoxane,

b) extraire le solvant pour obtenir un complexe du métallocéne et de I'aluminoxane sous forme solide;

c) mettre le produit solide en suspension dans de I'huile minérale;

d) préparer un catalyseur hétérogéne conventionnel de type Ziegler-Natta déposé sur un support en mélan-
geant séparément:

1) un composant de catalyseur conventionnel de type Ziegler-Natta déposé sur un support comprenant
un composé de métal transitoire répondant a la formule générale MR*, ou M représente un métal du
groupe 1B, IVB, VB ou VIB, R* représente un atome d'halogéne ou un radical hydrocarbyle et x représente
la valence du métal, et
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2) un alkylaluminium répondant a la formule générale AIR", ou R* représente un radical alkyle contenant
de 1 a8 atomes de carbone et R¥ peut représenter un radical identique ou difiérent;

e) mélanger le catalyseur & base de métallocéne dans de I'huile minérale et le catalyseur conventionnel de
type Ziegler-Natta déposé sur un support.

12. Procédé pour préparer un mélange polymére dans un réacteur unique, comprenant le {ait de:

a) préparer un catalyseur homogéne syndiospécifique a base de métallocéne, en passant par les étapes
consistant &

1) sélectionner un composé de métallocéne neutre répondant & la formule générale

R™(CsHg)(CaHyg ' mCsCaHy R’ MeQ,

4-m 'm

dans laquelle le groupe (CgH4) représente un noyau cyclopentadiényle et le groupe
(C4Hs.mB'mCsCaHa.nR',) représente un noyau fluorényle ou un noyau fluorényle substitué, dans laquelle
le groupe (CgH,) et le groupe (C4Hy. R’ CsCyHa.nR',) possédent une symétrie bilatérale ou pseudobi-
latérale; R'représente un radical hydrocarbyle contenant de 1 & 20 atomes de carbone, un atome d'halogé-
ne, un radical alcoxy, un radical alcoxyalkyle ou un radical alkylamino, chaque radical R' pouvant étre
identique ou différent; R" représente un pont de structure entre le noyau (CgH,) et le noyau
(CaHs.mP' mCsCaHa.nR's) pour conférer une stéréorigidité; Q représente un radical d’'hydrocarbure ou re-
présente un atome d'halogéne; Me représente un métal du groupe 1B, du groupe |VB, du groupe VB ou
du groupe VIB tels qu'ils sont disposés dans le tableau périodique des éléments; 1<m<4,0<n<4; et
p représente la valence de Me moins 2,

2) ajouter un aluminoxane pour obtenir un catalyseur syndiospécifique & base de métallocéne,

3) extraire le solvant pour obtenir un complexe du métallocéne et de I'aluminoxane sous forme solide,
4) mettre le produit solide en suspension dans de 'huile minérale,;

b) préparer un catalyseur hétérogéne conventionnel de type Ziegler-Natta déposé sur un support, en passant
par les étapes consistant &

1) sélectionner un composé de métal transitoire répondant a la formule générale MR*, ou M représente
un métal du groupe 11B, VB, VB ou VIB, R* représente un atome d'halogéne ou un radical hydrocarbyle
et x représente la valence du métal, et

2) ajouter un alkylaluminium répondant & la formule générale AIR*; ol R* représente un radical alkyle
contenantde 1 a 8 atomes de carbone et R* peut représenter un radical identique ou différent, pour former
un catalyseur conventionnel de type Ziegler-Natta déposé sur un support;

c) mélanger le catalyseur a base de mélallocéne dans de I'nuile minérale et le catalyseur conventionnel de
type Ziegler-Natta déposé sur un support;

d) introduire le mélange du catalyseur a base de métallocéne dans de l'huile minérale et le catalyseur con-
ventionnel de type Ziegler-Natta déposé sur un support dans une zone réactionnelle de polymérisation con-
tenant un monomere, dans des conditions de polymérisation; et

e) retirer un produit polymére qui représente un mélange homogeéne de polyoléfines syndiotactiques et iso-
tactiques.
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